(35.56-107.86%) for fruit yield per plant revealed that there is great scope for improving pumpkin yield through heterosis breeding.
Keywords: Grain number, grain weight, hispa release density, leaf damage, panicles, tillers, yield components.
MANY insect-pests of paddy continue to be the key biotic constraint in achieving its potential production. With the changing insect-pest scenario, many minor pests are now emerging as pests of major importance. Rice hispa, Dicladispa armigera (Oliver) (Coleoptera: Chrysomelidae) is one among them. It was earlier a pest of sporadic occurrence, but has now been reported to cause severe losses, especially in Bangladesh, India and Nepal 1,2 . In India, losses in rice (28-100%) due to this pest were recorded by various studies in different rice growing states [2] [3] [4] . Though the losses were quantified in different studies, limited studies provide the exact estimates. Hence this study was undertaken to quantify yield losses caused due to rice hispa based on release density and phenological stage of paddy crop.
Yield losses were assessed in terms of the relationship of hispa density and phenological stage of paddy (cv. Kasturi Basmati) at the experimental farm of CSKHPKV Rice and Wheat Research Centre, Malan (Himachal Pradesh) for two kharif seasons (2015 and 2016). The experiment was carried out by dividing the experimental field into three major plots (or ranges, measuring 24.8 sq. m each, with 30 lines and 27 hills, spaced at 20 × 15 cm). These major plots (or ranges) were further marked as sub-plots, according to the required treatments and replications (Figure 1 a) . Each major plot (range) consisted of four different treatments (release densities of 0, 1, 2 and 3 hispa adults per tiller) and every treatment consisted of four rice hills covered by nylon mesh, supported by four bamboo sticks at corners (Figure 1 b) . Five replications (each consisting of 4 rice hills per caged structure) of every treatment were maintained as per randomized block design (RBD). Hispa releases were made at three phenological stages of paddy, viz. 20, 40 and 60 days after transplanting (DAT) in the respective ranges. Uniform aged adults multiplied in the net house were used for this purpose.
After 10-15 days of confinement, when the desired level of leaf infestation (damage) was achieved, the beetles as well as nylon mesh were removed. In order to control the undesirable insect-pests and diseases in the experimental plot, chloropyriphos @ 2.5 ml/l and fungicide (Blitox 50 @ 3g/l) were applied. However, the time of insecticide application was dependent on the time of hispa infestation. Insecticide was applied either at least 20 days before or after hispa infestation schedule. The observations were recorded to assess the leaf damage and reduction in yield components as given below.
After the removal of hispa beetles and cages, the severity of damage was estimated based on scoring (0 to 4). Then the number of leaves with degree of damages corresponding to the score was counted. The score represented the following degree of damages: (1) 25% of infested or damaged leaf area (2) 26-50% of infested or damaged leaf area; (3) 51-75% of infested or damaged leaf area; (4) 76-100% of infested or damaged leaf area.
Further, to facilitate comparison between leaf damage at different crop growth stages, damage index was calculated following the formula outlined in ref. At crop maturity, total tillers and panicles per four hills were recorded and each hill in the treatment was threshed separately and grain yield per four hills (in terms of number and weight) was worked out.
The data collected on different parameters were analysed with the help of factorial randomized block design using the software CPCS-1 (ref. 6 ) and the mean values were further subjected to simple linear regression analysis according to the formula described by the workers to determine the relationship between hispa density and yield components 7 . When hispa release was made at 20 DAT, the number of damaged leaves at different release densities (1-3) varied from 1.3 to 2.4, 3.7 to 4.6, 10.6 to 19.3 and 17.6 to 33.0 against the damage score 1, 2, 3 and 4 respectively. Rice hills kept free from hispa release remained devoid of any damage. The mean number of damaged leaves varied significantly under different damage scores with the highest of 21.1 damaged leaves observed under score 4 followed by 10.6 under score 3. Almost a similar trend was observed when release was made at 40 DAT; however when released at 60 DAT, the maximum damage leaves were under score 1 (38.7) as shown in Table 1 .
The overall damage to paddy leaves (per 4 rice hills) at different release stages was worked out in terms of LDI and PLDI calculated from values in Table 1 Limited studies with regard to leaf damage assessment are available in the literature. However, other studies reported that different densities of rice hispa caused 9-89% leaf damage at 20 DAT, 5-69% at 40 DAT and 3-36% at 60 DAT, suggesting that with advancing age there was increased resistance in plants which corroborates our findings 8 . Different densities of hispa release, stages of release and their interactions were significant during the two years. The pooled analysis for the two years indicated that the mean number of tillers decreased significantly with increase in hispa density. Minimum tillers (29.4) were produced against the release density of 2 hispa per tiller which was statistically at par with 3 HRD that produced 29.7 tillers. A maximum of 37.2 tillers were recorded when no hispa was released. With respect to the stage of release, early stage release (20 DAT) recorded lowest mean number of tillers (24.8). Almost a similar trend was obtained for panicles and grain yield as depicted in Table 2 . However, no significant differences (with respect to any of the yield component) were observed among infestation levels (0-3) at delayed infestation (60 DAT).
An inverse and significant relationship (P < 0.05) was observed between the hispa release density and various yield components when release was made at an early stage of 20 DAT. With the increase in density of 1 hispa per tiller, the respective rice hills produced 5.82, 5.73, 441.4 and 8.06 g lesser number of tillers, panicles, grain number and grain weight respectively. However, when the release was delayed till 40 DAT, there was a significant negative relationship only with two yield components, viz. grain number and grain weight, having respective regression coefficients of 258.5 and 6.87. At 60 DAT, when the release was executed, the relationship with regard to tillers and panicles was positive. With respect to grain number and weight, it was negative, being insignificant (P < 0.05), implying that at delayed release stage (60 DAT) there was no more significant damage inflicted due to rice hispa (Table 3 and Figure 3 ).
The present studies with regard to yield losses inflicted by rice hispa, are more or less, in line with previous findings. The experiments carried out by some studies revealed that when 64 adult hispa per m 2 were exposed at booting, tillering, flowering and milk stage, it resulted in potential yield losses of 4.5, 3.1, 2.2 and 2.1 kg per ha which are partly in conformity with current findings 9 . However, in the present study, no yield losses at delayed release stage (60 DAT) were recorded.
The effect of hispa infestation on tillering, panicle formation and grain yield was observed at active tillering stage (20-35 DAT), where hispa infestation resulted in reduced number of panicles 5 . Also, the grain yield varied with the release stage but not with the densities of hispa. However, in our studies, release made at 20 and 40 DAT showed more or less significant variation in yield with the release densities as well. The rice yield varied significantly with hispa infestation level (9 and 29 g grain yield at 20 and 60% infestation respectively) 10 which supports the present findings.
Thus, the present study which is an attempt to quantify losses caused in paddy due to rice hispa explains that early stage infestation is more critical compared to later advanced stages. However, further studies with comparative estimates in unlimited and limited exposures need to be explored.
